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Pffl*£tr<e»Bi:, 

wsaBBPfflJwpifflBn ^7 x-?mm «t am ? ft tzw- 

» ft*1B «• Wi" * ttttKfiLR t , 

fif Ei£»l*jfcR± i:M?^it^4iIit, 

* JWB*4 - 1 IK 1 1- 

M£&Rffc£-»jJ»& «c4 w t **S »fc l Uf£ 

[R*ft 3 ] lNEftlRjS&fittT i X-h *) , fflHjft& 
Sfk-a-^liT i N-C*4£fc*4*fti:1-4R#312»;E 
1fta¥*#ftB. 

[R*«4] Dtreinnsu. mE*i*fls*«0>*tt» 

/i/t?*4£fc*#ftfc + 4R*^ KE«o¥*iM* 

So 

[R*#5] fflE&HJKi. A 1 4/:liA I 

* i t *flf «fci-&W*JR 1 KE«*>**ff*fto 
IR*.«6l **#**fc, 

WE^OMMMK-hfcJI&aSSft, f-OF«3fflJUJKJS6SiifcW) 

tffEHPffiwWIHB! 1:^5 XvEpftn:: ft 
» fcSEBS * *T 4 JEtfcRfi ihK t , 

So 

lWEtt»BU|!lP»*Jg*i-4«Bt, 

ffiEfewi* WEHJpffliacTitasii^ftWiJio' 

lWEraP»W«fi^iS:ttlBJhll«:»lR+*liiHfi:, 
WERPSROWffllttlUfciS S itfcttflWWjLROSEffi 4- y 

7X-?epflD-f4|S:|igi:. 

fifc^fi-o 

ECR^Xt, RF7'7XvSfctiME7'7X7^i 

[IB*JS9] 1WE*iStt:« , *K*3K*iSfiDLT75X 
vil« £*i * £ ■£* i t t "t 4 R«JR 8 CE 

[R#*10] WEftKBiCVD^ffiT^jSi-ic: 

iw*«iil iwrESfcttwjtRt^jai-ssPBffttcjft 



7 ^E«W**#»tt<OJgja»ffio 

[w*« 1 2 ] ire&kb *»*i-4SBftuftaa 

L-c«rEMP»*aa$*4l9:B**^KIMI+4ifc 
ft t -t* R*ff 7 UE«o#**«it«)Jgjfi*feo 
[R*fll3] «TEBP»*:ai9:*Hi:4aB«U»2 
©£Wi**fc»::lSj£+4C:fc*1fftfc1-4R*JBl 2 
UE*»¥*fl*BOJBj£#H:o 
[R*8 1 4 ] iffiE£M ££ 1 OfiKT* 1 L 
fit 2 <DSmv 2 ?^it^itt4il 
*«7 KEHo^WfrlSBoKja^ffio 
(R*g 1 5 ] ffiEft 1 <0«ElilWE*5 2 <7>iSJ£ <fc *) 

i£^ztz$f®.t-t2>m*mi 4 ke«*>jmm»e«b*> 
ummi 6] **#*«±K**B*}BJS-t-4eB 

tifE«ft*if KHlP»*}BJS1-4«:Bi , 

ffiE&IMK UiEWPfflSfca ttlffi £ it*:*** i if 

WEBP»OfllSK» 1 4H&l*iLR*»JS+4«Bi:» 

ttErapfflwpfflOBK^jss-itfcfs i nzwtMitmvmffi 

Sr"/9XT^]Jp-t4l9:Bt, 

buEt-v X-renipSftfcJ|S l J£tfcHriLR±U*S 2 ISM 

«te&m * jfttoa u x DifEflB p » * aatt 

- 1 *#ft fci-4**flM*ft«>JBJS#8:o 

[R*« 1 7 ] IRE* 2 J£»HiJLR4:JBlfc-i-4«Blft 
ua«LTA3**fe-tt»Efc****BJSt« £ fc *4* 
ftfc-t4R**Bl 6 CE«O**fls»BOJK**ffi 0 

Ml 8] lNE&M*JKJft-f-4gtB&£*S2<0 
feK»jSl-4£.fc*#ftfc1-4R*«i 6i: 
E^w^^ffiw^fiE^fifeo 

[R**l 9] 1»E*21i£ftlWihR*»jai-4«Bft 
Kffllffial-*®©* S <blc^Hi"4 i t 4 # ft 1 1" 4 R 
*«1 6 »-E«tO**flt*ftrojgjR^rffi 0 

[R«« 2 0 ] ffirE* 1 fetfcKihUwSIB ^7X7 

epto-t4K»fcu»«.g-*-4«Rf* $ <b ic*ni-4 c t 

t»fti:1-4R*5ll 6i:E«w#i|#Kj|«)W 

So 

■[R*ffl2 1l *##»«±(C*liJB*®ja-r4SH 

t, 

WE«»» twBBPfflJ 4aBrk, 

DQEKItS. !WEIJIlP»*a t T*a S ft fc*** -t J>* 

ffiTEM P SI5<Offl^ H * 1 ffittl»±R S: 1 4 «B k , 

mrERpffiowfliscjBdESiifc* i tiLmitmvmw 

4r-/9XvailHli-4ftBks 

1WE^9 X^EpjDp? ft/j^ 1 ffi*|»ihR±iC* 2 SScRf 
]J-J§l£JfcJ£1-4&Bi, 

flUE^ 2 ffi»RSihRO«jS & *ife««0^lBU*a^^ 
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[0 0 0 1 ] 

*iroid4:rap»* sat* * <t cr*- ojg 

[0 0 0 2] 

flcCI iiiffi j& * T* t> ftp ftfitB * T v » * o !!£* 

IB14 * fiT S * 4 * C Sc#-f * •J&Rttd** 4 . 
[0 0 0 3] f»WWti±^7i^-^A^f 

* »; > ^SPgT-£J£>0 s ±7!»^ Cotitv 'J n 

T;b <-')A*-/'J 3 >T*il^P^-e^A 1 - 1 
%S i tf&mtt&MVittPrt \^Xfo<m^hflX£tz B 
[0 0 0 4] L*'L^* ! t., ■Tcoid&A 1 - 1 %S i 
*ffifflLT**#:tHlOBMSl*3Bjai-4**, *&4 5 0 
tJU±Offl8Et?ttM1-*B*K A l R + 0>-> U ^ >A*W 
tkSSftS i»**»J3£U S&ttPTNi v 'J a >*J-p@=ffl 
•x-tf **-> + ;W8tffc*a£TS i v^-^ffM? 

i; 3 vafcEMOlWEWi: n 4ElEtcJ:*A l 

* k > purs t ! /'j3^»sifc i±*&*#n © fa ictctjcp* 

»4. 8 9 7, 7 0 9^-(«lU^) "CliffiftlWihRi: L 
TSMfc*-* >R*«f!*POrt«U^jS+4;frfta«S£ttS 
*i"CV*4 0 B*HWtMMBft**6 1-18 3 9 

4 2-t'C(±lt^®t L-T«HL6fcKR (T i ) t&it* 
9>m (TiN) *fefc«z:»R«:J&lSL(!M&SL-C, 
*ie«:3S«k W/£»-CT i JfCi^gftS 

±3-*40>a«|»^$fvCv*4 o fifit, :«) <fc ? fcffitfcR 
iliRJi3a**H»-CT--U>ri-*xe4:?f^o ffitfc 
KihRSrr--'; v^Lfcv 4 5 OtfcLtoiftK 

t7* 5 -7 A-^TJl/ 5 -7 v * U 

4ti>, atfci:-»* 'J >^-f4it£mg£x^'i'*> 



(t i n) m*T i w (n) mtm^b 

tlXV&o MET i NR^T i W (SfcliT i WNl) 
t'Ji^HJfclSBf H 7 /u 5 - 7 A * v 'J a > cotfcffc * % 

[0 0 0 5] ifc, J. B. Xf-pOUi: B. N. ^ D f 

itftft»*ie»f****a*ii*Lfc (titfflc : "Ef 

fects of Oxygen on React ively Sputtered TiN Film" 
by J. B. Stimmel and B. N.Mehrotra, in Tungsten an 
d Other Refractory Metals for VLSI Appl icationll 
I.. V.A.Wells, ed, pp.375-382. Materials Research 
Society, 1988) 0 -jftU, T i N*«*Ufc»U*St 

$ ixlttS:l«a!«i*3l f A i£o wit^^^7 7-f> 

=f-m%-tzVX'tii < *K4«oSiffi-c_ "»lfc»«5«SIU?¥ 

[0 0 0 6] T i *fcl±T i N£3£*L-m 

7—— 'j y y-fz> mzizmmmxvmnt *zt opx- § 

7 — — 'J > ^B^W^SiSAftii «t L>*?ajti: 
CTT i NROWH*ttjJ»SEft1-*o I^M^iRW7-- 
'^^±4 5 0- 5 5 0 < CO£JtT*N2 fi^TT' 3 0 
-6 0frmftl<M> t lk&X&&b!Bit D tiX^2>o 
[0 0 0 7] L^L*:**^, ffi^Kjh)l?:7--;u$HJ: 
*B#UBt*&ft*R*^* * 7 -f > ^a*tti£iRIWitR 

oiBiBtt *: * * 4jSiMii on A U i i>* v V MOB «5 

[0 0 0 8] t#*-7t7<li|Mit7J^ 
->>AK*li:WiliBtt<r|pl±SHi-, Se«5wKt iRspfcfr 

ft. Si -^02 *W *>aAt4^ftS:JI^Lfc (H* 
BlfffftWl^* 88-1 76035-^) i fc *«* «J , 
tny| (VM1 CI 7 0 - 1 7 6, 1991) liT^ 

7)Hr7A«:ItLT0. 5 » m, 7^^^ hjtl . 
[0 0 0 9] U^Ua:**^, ft/UlP^O. 5j«mJaTU' 

/J>? < fcanoiiTffifcottffi-eiiffttP^^Ksa: 
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[ooio] mi -m3 teVt$i<Dffln$> h*- 

[0011] 9tir\ Hi -H3**S?.LTt£*03># 
[0 0 12] *i#JSS2ii:v-VKl"f>imt 

* 4 ^*6tt J£ft«tt 4 s fi x a o , uirBte*tt± 

(HPSB) 6 £^4if£li/i8«$;£;lxT^ 
4 e wi-C, MO Sttiitcfc^Ty- hmS»jS»cov» 

;u 6 offiijffi, 3 ? h*-;i^6 KioTSIfctJ^ft/cfr 
E**li»ffififcffitt 4 U i UffiEttitV 811:*-;?? 
3>??Mt*^Tii (U^-tH*) fcttftlWjtil-C 
fe^TiNll O^HRtc^fiK^iiT^^o fit, Htria 
T i Ni 1 0±.\zl±=i > 9 ? h * — ;l> SrilvS: L4*#bA 
1 Ji 1 2 tfMl&ZtiX^&o 

[0013] mm.*<r>? >?? ymmmm^. 
[ooi 4] jfer, *i#i«2ii:a*wLocos 

(Local Oxidation of Silicon) JSl-ioT7 -f —)\> 
f tRW M <*> 2 tc?P«ft 4r a A L T V - X / K 

[0 0 15] tuie^»±ua't<7)C VD '(Chan 

ical Vapor Deposi tion)ftC <fc o Xfl&it ~> U 3 > S i 0 

mJfSil&ltlS-t^v:?? 6 o®j$;<*> /c 

ft&ttnitt 4 $ it* i -cmetfiikv 8 tmti tx 

BBn»6 *J^JS1-*o fl(TERP956 0«Jffi, 0RP 

ais 6 «t <o mm s tLfciuriwF«i»a:tt«ii* 4 & ± owe 

tffeilfJf 8 ±.\ZX;*v 9 'J >?*7ji£lc J:oT 3 0 0 - 9 0 

0 A)¥^-CT i tlfLTt-? Ymx-h 
^Tii (HaW) BtL/J, lWET i «±K* 

? >/Jtti:ioT6 00-2000 kW-Zxtu 
ttl»ihtt-C*4 TiNilO ZWtfctZo 
[0 0 16] #tc, WBe#»±i:x/<7 *'J >^'^ffi 
CioTA 1 *|R3»LTKlPffi6 * SSI" 4 A 11 1 2 

[0 0 17] JA±0fi£*03 * h&&E&ffij|£J: 

4T i V, StttRjbRT'&.&T iNHOiilfAll 

1 2 (±±t 9 'J ^JfcSfii 
ri f . gE#tf> ^ / < -y ^ 0 > ?*#?£-U J: * SS»«± = > * ^ h 

*-;ko7^^^ htttfyiz-ii-^hx. m 1 & i i/m 

2 icjp L/c «t t KsK-f K 1 4 frJBtttS ±oi:4-t) Sf?- 



1 ■oas&ifc*t** t ^aK«:»>, ES«5«*&*»«$tf 

[0 0 1 8] H4liffi|EHl ~H3 0ffittRjfcB!U:K7 
5 - $ a * 1" * B# u 7 * $ - <y A R o &)XM££J£ 
£ Ift^ 4 /c #> K L /c 0 0 , 0MS»# U $ ft 

* * U i£* L T m L B * £ * * « 
[0 0 19] mmW\ OliT i NB, 1 0 a liT i N 

1 2 liA I JB % 1 2 alSA 1 
[0 0 2 0] 124 t#!HLrHP»(OfflKK»jasn4 

T i N!£>1±g±5«tO f 7;l'5 -^AlW^ffi^S^gi^ 
•T4o 

[0021] jfer, raa»roflie»ttK»a;siifcT i 

K«*rttfflLfc«P^3PL<»*i.4o T i N<i (1 

1 1) JMSLi n t-j-i,Mfai) i &2><7)X', |4i: 

[0 0 2 2] ^^'^'J^^^CVDJSt 

•y ^ ^tL/cS^O^'ffi^Wtc^^ < Jg£?ft£&MP 
Offllfi6»fl'-Clifi^SEiBS:l*o i -5 i:iJ 0 L/c^o 

tc^§v>T i N^u>ojg2T'Ji7;i/5 ->7 ao^4.bS; 
^-C4Wc t4> < BJ4 H^L/ci 0 i:7;^-0 

[0 0 2 3] LfcA'ot, ^m<DXm<OT^S..-^I*i 

WMtxBMmLxi i midX'iimtim4 L/c i 3. 

K^«SS*£-r*«»p-Cli3fclc£C*1-<4»K HtF 
*L/c.t ') K#*ffi6«Ofiiltt*1g;TS-e'4o 
[0 0 2 4] 

[WlftUiitai] *»WOS«jl±, £ft 
KFJhRW¥»4SiiB*Kja**<SRSI«»ttP4:»*W 
tcffiiST*i 4^i£ftSe£tt«-f 4 - t K*4 0 

[0 0 2 5] *f§^Offi^EW(i. IWEStUcWihRwS 
IB?** ^ U > «»4 < rt f> 3&» ft #-#«:«E * S a+ 4 w 
4 ^rft- «r»ffi-t 4 c: t tc * 4 o 

[0 0 2 6] 

-e-«)rtfflKJBflgsnfcl»P»<:*trieiWli:, 

i» eh p as w punai u •/ ? x t en jp c 1 o »«s s.ft ¥ 

rtft«ffi^*t4teiclsSiJilit, «rEJtftiB±R±KJK 

[0 0 2 7] *«WWJp-*#*flH:iiV^T, mlEffitjtW 
jtUli, nitjA&ff S /c liBlkj£&0Ut:4ft4> <b ft 4 c; 
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[0 0 2 8] Sfc^WOiMMMSBKiJ^T, ffirEA 
HMSfcRliT i V*»J, KKfcjSCfcflHta-WJlT i Nt?4 

[oo2 9] itz-^m^Hmwmmiza^x, wmm 

h to±lirE#*#3fc*±KJBJft*ftrt:T 

[0 0 3 0].4fc#«HO¥*flst6Bfciiv»T, 
Mil, A 1 S/iliA I ^if*^:t *#»i:1-4o 

[0031] ±eifi5*jSjai-4fc*o*»i5 
is k^js 3*ifcisp»*£ trtmn t , ^eh p aw> 

MfflU 7* 5 X -v in K i 0 JBJ8 £ *i ¥ri ft £ *r 
1-4ffifkHf±Rt, WEffl:»l»il:R«>»JS$ftrv»4iKr 
EWP»-tKSSSft.rt:&RI§i:, £*ff1-4it£# 

[0 0 3 2] Sfc, JtElW«ritJKt4fc*W*«?B 

j§Knp»4-jK*.-f*aBffc, fflrEt&fM, irewjp» 

RSihR £ 4 KB i , WEBB P«©ffifiMI KffM $ 

7- v x v en an s it fcitftWiLR-t k. &mm * Mt 4& 

Bfc, 4r*ft4-k «:«F«i:i-*i|£#flt*«03gJS^ 

4 0 

[0 0 3 3] i fc*»EW#*#*1I«>JB«^ifcKUv,> 
X-7 X R F 7 7 2 fcliM E 7*9 XvgflSrflJffl LT 

[0 0 3 4] *fca|c»IH(0**#*ltO«ja^ftKiJV' 
T\ flE^iS14**xu7KK^?StDLT7*7Xvftia5c!)* 
*• W * * * 4 i t 4: # ft fc 1- 4 o 

[0 0 3 5] 4fc*»«Oi|ii||flsittt03Bja»ffiKUv» 

& o 

[0 0 3 6] 4fc*»WO-!|i##ttfl|tf)»j£^ffiU.iJv^ 

t\ iwEittkWjhBiiJKiK+iSBffticiifeatiaK 

[0 0 3 7] Sfc#«9!0**fl:BttO®lS2ri£Ui3V' 
T, lKrEftJRWt^JKtiSKftUftJaiaUTilJEBIP 
«*SS3*4KB*S feKAfll+4C:i + 
4-. 

[0 0 3 8 ] i^^n^o^-igff-sffl^M^riuJs^ 

T , WEF^PS&SrSix * *4 KBtft K* 2 * $ 

[0 0 3 9] 4fc*«WO^»fls*Btf)?gJS*tt»:*v» 



[0 0 4 0] 4fc*«lSO**flti6ttOJBJS*ffilCiJV> 
T, ffiEft 1 oaSEliifE» 2 •> fiv^t i# 

[0 0 4 1 ] 3fcfcJ:ElW*3tlft-r4fc*>03M&iP! 
li, *##*«±tc|ft«J|«rJB*i-4l9:Pafi:, mrte*£# 
*UBBP»4rJBJSt4aBt» fflESIM, WEMPffi 
*fi UTf&m * <t unfflEHPttafflSt: * l 
ffitkl»jhl!t4r3E|lSt4SBI t , 1NEHP»OP[ffl£C& 
Ifc3itfc» 1 ffit4RilhmogB^7'7XvenSDT4SI^ 
fc, WE7*?X^inSftfc*li£«l&JLR±fcfl^ffi 
ttHFJhit*®*+*SBi:, HE» 2 JtjRHfihRo^iS 
3ftfcaMSW£iEK£ii«*®*1-4lW5i:, 

4 ^ t 1 1- 4 *mwmw.<r)W>®rt&x-*> h o 

[0 0 4 2] ifc*«WO**ffi6llOJ^ia^ffi»ciJV» 
T, |}E»2l£«l»ihRS:»«i-*l9:B«KaatTH 

ffi**e>1*ffirE4JM*}gje+4ii:«:flt«!:i-«o 
[0 0 4 3] 

T, WE&KV*^J£?4£Bft<::$2?>&M*$<<> 

[0 0 4 4 ] S fc*«HO#*fl:*BO«S»frScK£v» 
T> WE* 2 ifitkltjiihRir^lSi-iSBft^Jfei&ai-* 
* h U*«+4 C fc t i"4 o 

[0045] i fc*ftWo**#*io*iiJiit:6 v» 
r, «E»ii£»l»ihRofEiii«:y9X-7Eniini-4SB 

ft»:«iia f a+4iB:B*??»K*fli-t-4cfc*4fati- 

o 

[0 0 4 6] *fcK*fc±EiW*aUft+4 
«J±, #i»*aMR±^«»«*3B*1-4gBfc, MEM 
»*UIHP««:©dS+4«Bi:* WE«IMK MIEKP 
SIS £il D Tl&tii £ ft Jt*«iJ ± tTWEM P SlSWfflJg K £ 
1 l£ftHfihR*rJBiati-4SBt, WEPUPWOMfflllU 

mfcztitzm i U£ftiiSihRosiiB*^7 x-7enini"4K 

Bk , mfE^v XventlD^ft^:^ 1 J£tkRSihR±U« 2 
ffittKihR*fejSt4J^U-JilE*i^l»JJ:R«>® 
JK*ftfc**05^®^ax/<y * 'J >£pCfflfKBBP 

as tas-r 4 kb t'T^irr^riftlf^ t + 4 

#»tt«JgJfi*j*-C*4o 
[0 0 4 7] 

Iftffl] ±.ftn £ 0 K*jKSii7tR#3l 1-20 uEtt 
J£ttRihR«>1ll!fiuJBflES-*i44«B, i-ft^*,T;u? 

l) x 7*$--*AR<oeHfc*tt*«&»Tat), 
JlRft4RKlR#Sii4o 
[0 0 4 8] 

SrSeu»«tKWi"4o 

[0 0 4 9] 5fe-T, H5**ffiLT*«WHJ:4*#ft 

^S^fi|ji«-iji^1-4o 
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[0 0 5 0] H 5 *#«1-*UX, *i»***3 ll:v- 

7s / k u-r >mmz * ttms&mm 3 3 ^jfm $ n 

MOS+SiiT-oy- h^iti:i=ft^[a^tiji^iiB& 
£tc1-* 0 SftE^tHiN+fcawiP + Oo*, 

-5, 0 fjie^i**«3 i izfm^ixtzT^^m 

fHSi£3 3 l±=> >9 y Y )\,*?-7-r J 7.*- 

&Ltz*s l ) 3>«0«*Hii^ft^ 0 -Mi:, DirE** 
fl^*KJ&«Sftfc*WWttlMR*3 3 J*¥*#at*± 

<r r * - c *■ w 1 1 mm s it» 4 o 

[oo5i] *ria«r*«iJi ^ HirE^FW* J£»»« * «m 

3-£4GSPffl («ttP) **1-4««J13 5 ^JfM £ ft 

h 4 4 C iWEI«P»»i*»#afc|g«)^«»lfi:»«* 
3 3 fcJttti1-4=i>* * h*-*WCft<, 
«±K"#J8S*ifc#'J -> 'J 3 >«(£>* d fcTSMTOB* 

[0 0 5 2] ttEMPffiOfflffi* MPWiwJ: i)» 

1±S S ft fcWE*if**i£iMJWt 33iJi trfflEfeftV 3 5 
li:T iff (H^-fri*) ^ML/:i, tfJET iI±C 
l£ffcK>ihllilT*4T i N13 7iff«tio *^-C\ Btr 
E4&*»±fc*'<? * ^yjftCioTA 1 *^#L 
TBP»4raifti-4 4«S4 1 *®«1-«o 

[0 0 5 3] 111 5 l±B8PfflOffl«H»ft **ifci£iklWjh 
H*5 «fc If&M LX£mmwm®.£-f$li:®.W-t 

SPl*lS50fiiJMUru>JK^ (grain boundary) CD&^T 
3 7 7>«$ftTv>4o C^i^JCtfb 
«rllt«IW JhBl 3 7 offiS UJBtf; £ ft 4 7 )\> \ - 7 Alg 

T i N^U>* fcli^iffcT i N^BCi *)T^<- 

7 ^ m^nt^im 1 1±» 4 o -c - ?»tttt n ^* s 

[0 0 5 4 ] (HSfetfUl ) 0 6 6 D(i*5§^(C<t 

. H-ca *) > mm 6 b js i vm 6 c iinpffofflgaitw^ 

[0 0 5 5] 16AI±«#M3 l±KHPfflfc*r+ 

[0 0 5 6] *2gE#*«3 l±Uji^(7)L0C0S^ffi 



J»E7-f-/UK»jfcit3 2 ana¥*#££3 1 <CN + 

HE 7 - * K*{kK«>®«igtttt*ttTr* ») , #r& 
Lfciii:. l!JE^«I«M£«fl«tt*»WOgW»ci&i: 
T#'J •> 'J 3 >JfC9«t $ *ttftO-> 'J 3 >Jf{Clt#£ft 

i#4o 

[0 0 5 7] irE*S*»±ta#OCVDffiUJ: 
OHHbv'J = >S i 02 <0±-j «: Si* LT« 

«»M*^j£ Lfc. ttEttftttffVli^ttS'H'Stf'? 

X (BPSG) fcttfflLTJBfifcU ttO. 8^m~l. 
6 M m<DW S-C^jSLfco ffirEK4tttM±i: 
ffiPgP<OffM<7)/j*b<73 7 * h U->*^ (E]*-* 
r) *JK*U huE7* h U->*X h^^->4:fli$ij^x 
t LriWE^*e*a:ttTS« 3 3 *«ftttl S it 4 4 t-tkfk 
«»»Wi«:fllPJUTaP«*^rl-4|filtJi3 5«r®« 
Lfz 0 

[0058] 0 6 b i±mmnnmz-i& 2 ntzmm<o-& 

[0 0 5 9] 3 5 O^Stffi, BSPSE 6 60rtffiii 

J: t>*^#**1S 6 1 0*aSftfc*ffi±UffittHi.iLR3 
7*Jf^Lito i»5i¥ffltc(±, 2mTorr07)^> 
^Hft-C^^-y ^'J >r^feic«t •J^i' > (T i ) 4r#5» 
2 0 0-3 0 0 A^f?T'If LTT i **:3B«Lfc 
t) N T^^om A f 3 0-5 0 scc 

nu M«W*-^.b: (**x?TLji) ^50~80scc m<0 

K5rft3 0 0- 5 0 0 A<OJ??-C3K*LTl£ft|»ihR3 
7*««Ufco MET i««r%*-t&K^*>ift(ij^ 
5 0 0A/m i n tt4 c XV^pUafrtROiafttt 

T i BM*T i N^*<7)M^i: <b 2 0 0t-C*5„ 
[0 0 6 0l'#H, WET i ^^T i N®4-sg^f4B$ 

ten'; *-9&mi&m-t& 1 t-rs, ay *-*<d 

B8P»««IKU3gjS$itfcT i NS«)«ffitt 
^«*H6 BlC^LfcJ: -5 iff HX/N- y Ztltzfa+O) 
»36*«JtWJCil?* < ©JSS ii4«ttPO«»-C«ifiv»Si 

[0061] i6CliT iN13 7 ^IS-y^Xvfp 

[0 0 6 2] UJET i N13 7 0Sffi*T;u^>-/9X 

■?immLx-7y x-^wta-ti^ WE - / 9 xvensni* 

E C R 7*7 X? Lfc ') RF 7*7 X? $ ^|*M E ■/ 
7X-7^{t^fijfflLT=fT'; 0 

[0 0 6 3] *fls»U» lJtrET^^>^5XvSrflJfflU 
(Ar+) OflSHSTtfcliT i N^T'T^^V'f ^><^3 
HOitt?>*»«rT i N13 9 b trfb^T^v^T i NU 3 
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9 a WL/: 0 

[0 0 6 4 ] ftrECR7"y Xv£flJfflLT7*vX-7|:p 
[0 0 6 5] EC R-?7X-?tmmL~C& Owa t t 

(ft- 5 0 V) wRF/<>f rx*eninLfcttas-cT i n 

Jl 3 7C0ftE«r-/7X-7epjjDl-* o ECR 
hn>®«?*2. 4 5 GH z) , 7^EJ5mT o 

r r, JMRwaKiiiifiawft^nstaffLfco irie 

■/9X^Biin-C{±a6i(5»^BIS i 02 **1 0 0 Att*JS 
ftaBflCT i N«l±ft3 0 AftHPJSft*o ECR 

[0 0 6 5] RF^XvJ/iliME/vXv^ 

^^'J>/*Ilil3. 5 6 M H z OJg&lfc, 96 0 
7mTo r r<07JU3->fI^i 
W f lfeR«3aKli2 0 0'C<75^ftTT-7'vX-7a)Sp^tf-p 

tz 0 zcom. -fyx^mmmims \ 02 1 ooa* 

SWfcLTftMPJU 0 0 Att±Kftfe*!ll.T<>*<7> 

[0 0 6 7] H6CUSUJ:tC, HPffi 

WflflSlC^JSSftfcT i Nru>Wfflv^B75 r y7 X-7 

[0 0 6 8] El 6 Dli&lP^^avS1--&#JiS4 1 fcjg 

[0 0 6 9] DKEmnffiOfl!l& HP»KJ: 

0IIWSftfclirE****i£««tt3 3 ±U > 

4 1 SrJfclRLfco COR*, ffiTE&«(J|4 1 <OIfl±If 
?Uffi2 0 0t, TJU^'>lE^4mT o r r -Cigft Ltl 
jgriiJg5 0 - 1 5 0 A/fJ>KlM5Lfc. Sf)t:Si L < 
(iSff&K* 1 2 5 A/»K«l5-r*o fl&iELfc i o 
ic, ¥r&fcT i N«±KM?ftiA 

[0 0 7 0] <fc »>«iiJtS26tt«tt«:»4/w*!> 

ffiE A 1 1 0 0 tttTOiaft-e 5 0-15 

0 A/t!>OfR*ajtTT;u 5 A £ l Lfcft, 
2 0 OtUUtOfflK-C 1 0 0 - 1 5 0 A/tPOifiSv^aF 

tifcsis* sis t asa-coR^siEttK t wfa±$as * m 

[0 0 7 1 ] (11)100 2) 0 7 A- 7 Cli#$S^lcJ:£ 
**»««<OEaB»iS*ffiO«2*tt«*:^1-Wf1Bia 

& o 

[0 0 7 2] « 2 Ht&ffl <i&0(S Srfia-CJB* UJtffifih 

ftta-t 4 &m * m v > t ii mi urn 1 Hifew t ra« -c* 4 „ 
ate* i mm t mvkn&wm&nmtini-to 



[0 0 7 3] 5fc1\ m 1 HJfefflOBI 6 A - 6 C W&pgli 
[0 0 7 4 ] BI7 A(i$l&M4 3 a fcj&lft-f *«» 

(#Jx.if, a i -s i.-cu) jj»fc*a*n 

4 3a iMs&LtZo ffiEg 1 &Jgl 4 3 al*D £3^gj^ 

h o ymmimm lt 2 0 0 t:JaT^ ^iTTa2 sj cJ^ 
oas» mum 5 . 0 e - 7 t 0 r r wt, s i l < <i 

5. 0E-8Torr WTT 1 0 0 A/&0>t&mMBf? 

[0 0 7 5] ttz. mt&mi #JK«4 3 a iWtfc-t 
iZs BBP»OAPT*--'</N^* r aft*«^i-fci6U2 
mTo r r J^TOK^JgTf&EX^y* V >^*3 'J > 

[0 0 7 6] H7 B«±lWE3BSt*it/j» 1 £Mm 4 3 a 

[0077] AffcttK, fiiewp^jfM^n^n 1 ft 

114 3 a ^huEDCt^^ ho >^ttoiajS4-±*ffc 

um^MWimam i ±mm 4 3 a 

5 - 0 . 9 «oisj£, 09 If 4 5 0 "C4±<OSSia-C l 0 m 

To r x &T<OT fozf's&ffl^ Sft#ffl|^S>JLil±-ji 

7c14#H^T'2^RJpSA-r4^ biz* Q(j££lx*1v2^>' 
•J titzTfr $ - V M.£&<Dj%^%®m2^7^m& 

H 7 B Lrt: J: ■} KHP»fcSSi-a i t H4r Offla 
StLfc* 1 f£JS® 4 3 b ZMOSLLtZo Z<W%, m^m* 

[0 0 7 8] BJ7C«iffi[E«iaSiifclSl*«Jl4 3 b 
±K*2 4SI4 7 *3g)S-t *^C, 
fflESiftSiifeft 1 4 3 b±UfltE* 1 f£JS@4 
3 a i:|s]«0!feK-C^2^IS^4 7 *kW>l&ltz 0 L*L 
fllTEfll2£M4 7 OJB*l±«r»Lfc*-/Ox 
> ^31***^* < »±1-4»<&-liffirE* 1 4 3a 

«r a w j? * t jgia l a: » , ftiaa u r h p a *r aa-t 

sci^t^iro^ WE»2ffc«JS4 7*®riti-«a 

[0 0 7 9] (HttW3) H8A-8Cli3M6iWKJ:4 
#*#««OE««JBJaE*ttO*3*tt«i**i-i(fliiia 

[0 0 8 0] 3? 3 Hffiffl <i£ 1 &]RJ| 43c, 4 3 d Sr 
8*t4Si:, 2 0 0 , CJ-:J < T<Dfftv>aigT££;S%«£ i 

*-cKl#Lfc«, 4 o ot&±o»fi"C2*-c»airi-* 

w t «r Pfcv»f »iffiE» 2 ^*&0ij t [3l#T*4o D)E* 2 
[0 0 8 1 ] ^c-f> ^ 1 ^«&0!I<O|1 6 A — 6 C^Pglf m 
[0 0 8 2] 12 8 AI1S51 #S®4 3 c, 4 3 d *M 
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[0083] mnm><r>mm, fflam~± <o®tx2titzm 

fais£ir$j:Wiffiikm±l~A l - S i -Cu^e>£4lill 
&mm 4 3c, 43d ^IlLfco JlftlttKx mrEIg 1 
43c, 4 3d <± 2 0 0 t;JUT£7)fg:VvaSTBlTS 
<7)JS£ (£9$) O l/2Ja"F*ffiEl ^"CA 1 Ztztt 
A ! m*.l*A 1 - S i-Cu) £^»L*:f£, 4 
0 0 'CJ-lLtoHSiU, L < li 4 5 0 "CtOiaST* 2 
Al-Si-Cu LtS 1 4 3c, 43d 
*JK*Ljto 3K*a«li2 0 OlCUTOfiia-C 

li 1 0 0 k/mXT, 4 0 0t:W.±<7?S7aT-{i 1 5 0 A 

[0 0 8 4] EI 8 B-l±ffiKJBj£3;ft.fc« 1 tl§4 3 
c, 4 3d ^gttoa-t^tSI^^^-t-o WttC, lfflEH 
□gBU®j£3ixrt:*l&«»4 3 c, 4 3d^DC"7^ 

j: -5 uHP«*aift-*4 «t $ K4 aas nfc* 1 £ 

JSS4 3 e 4:3gftLfc, JK*«F^K2S«Ha31^ 
[0 0 8 5] IH 8 C JilfflESSS titzU 1 43b 

ttEass ii/L-ts i &JSJi 4 3 e ±n«fE* 1 &mm 4 
3 c 4 3 d tm$knwfcm2^Km* 9 &®j&l 

[0 0 8 6] itfjEfg 2 &Jg)i 4 9«Iftli, Buii L^* 
'-'^^iragiAt^i < 5&£1-4»£-K(iffi[E* 1 

4rSifti-*ifc7l«-e*4«)-C, ttEflS2&M4 9 4:® 
ja-TilSWfti^S-C* •) i#4e 

[0087] mmm 4 > 9 4 ni&w a mkds 3 mt«i 

<nm 2 *««*>J&ift«KSU f 2**£aM&ai-4«»* 
l^t » x (t ifflE$ 3 HifcflJ t * 4 o 

[0 0 8 8] AftKC, !WE»3Slift«OieSrJIHcjt 

A^ilfc, 2*j*ffi»»i*jfci-o m 2 *jysi»aajt_^ 

"TO 0 8 9"] (^Sife^ S ) 13 9 A - 9 C i 4 

*!»#*iBoE««jgia^ii«»5ii*«**t-wfiBia 

O^ffifcifcljrf 4fc«&KK;;fcLT*Lfc04:£tr«, 
[0 0 9 0] $5 jgfflffllliS 1 «r»«t^Btfl:I 
2 SffcttihR «t *Ct frfc^T ttl»E* 3 $Jfetii 
fciir*4*J»0||fc|BMre$>4o tfc, * 5 fcififfO^ltt 

E* 4 SlJlfctfiJ t ra*oaJ*H±R*oflF-?-eSti-o 

[oo9i] »i*ai«oia6 A~6cwaKi± 

[0 0 9 2] H9 .AIi»2KttKitK4 2£<tt>*ISl& 



JSJf 4 3 f £»f 4&pg£/Tl- 0 5fe1*> EI6C^|5g 
ft, *li£«l»Ji:ffi*4 5 OtOlffi^fftJilL 
•CffittHj±IROBiH44:|nj±#-fr4o «TEifJ»ttO|pl± 
* v 7 -f v^aStTffiKJKlSSiifcT i ®<7) 
v'J-»M K-fklC^H1-4 0 Sv^xJttf, T i NfflT 
»OT i #»U»l«3ft47;i'$-9i»fcKl&-r4»£- 
ic A 1 3 T i tiWULStL. »4 5 0t;-ev'jr3>h^l 
5%g«*>*5»l»K**rt4A I 3 T i 

S-tt^i- v»„ Ui'oT, TitS it 
ORlSSrlfiltLTT i S i 2 /T i NOftlCtilW 

«B<offltt-CO» 1 ifctfcRiLIlT^T i N<7)^iBl±-¥rt 

[0 0 9 3] HPffiafflB, HP»£.t »)fim* 

*Lfc3tSU iV» 1 J£»liSjhBi±t:ilffltt«:|Pl±S-fr* 
fc*i:T i itzliT i N £ 1 0 0-2 0 0 A^lf £Ti£ 
» * 2 MlfelSiikBI 4 2«Lt m~, 
IBK03Fit«:3Eii±tc3gjSSii4*2ffi:»l»ihR4 2 X 

^ o 

[0 0 9 4] *i:a 1 i^l±7^ 5 ^A-g-ir, Mx.l£ 
A 1 - S i -Cu*Cj«:l>ilfS14 3 f fcJ&ljSL 

WE* l &Wi»±»P»<&ffi!ltt0> s Fit4StW-tK« 
^?WT i N^*K'h* <-C-S£Lfc**SK»JK 

Em i ^jss 4 3 f ttftrE* 3 %mma * xrm 4 ^jfe^j 

[0 0 9 5] m9BltmfSM$L^iltz9il±M4 3 f 

[0096] *#6Dtc, mumnmzi&tiLZtLtzmi& 
jg®4 3 f SrX^&s-f *o ioi^ftjisisuaatt 

.T ;w 5 - *) Alilwg?)4«fiLT, H 9 B izm Lfc 
i t UMdffl«:«ift1-4 <t t ») , a**iifc* l & 
SI 4 3 R4r®fi£L/Co WEaift*nfc*lft«JBliT 

[0 0 9 7] i fc, ffrE« i gMajgdEfticgMibatc 
<t ^avft^ft^u 4 o o"cw±<os?ax^*-y * >^ 
ic± •jais:siifcssi4««ojii5ieEt?ri6"c*4o 

[0 0 9 8] H9C<iffEaift#iifcm &SJI4 3 r 
±lc^2^JSS5 1 4-®ja+4«B4-^1-. ft^Wtc, 
ffirESSS ftfc* 1 4 3 g ±KfflrE« 1 4 

3 fit mffiVtynxgi 2 5 1 iWtfcLtZo 

[0 0 9 9] ffiTB#2&RJ|5 1W3BJSI±x flifiLfc* 

-^vn>^ji^^^ <»^t4»*i±«rE* i ^ffv 

4 3 R*jJra«>IS£fc»j3cLfcft» J»jaaLTB8P««r 
ffiifti-4Cl bWV&iWC. ttE*2&M5 1 
t4«»li^RT*«9{»4. 
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(2?M#J6) IH 1 0 A- 1 0 Cli#«9iK 
SORiHUlJBlfc^iSOJfS 6 f&te0l**1-|IJrffiB|-C'*4o 
[0 10 0] *6HJfcfflliCVD:fri£-e»l&**«rje 

J^--)A^^^A-^|J ^LJl^aMaSLTRJP 
»*ffl«-t4 - t *PfcV'TI±lHrE»2fSlfc01~J6 5** 
00 t |B|«T* * o mf E* 2 3Stt«T 1 m-roff-g-liB- 

[oioi] %-r\ m i *^ij<oei 6 a - 6 c&mm 

[0 102] 11 OAli^l &mm4 3 h *l&tiLlrhfSL 

[0103] ffln$r><o®m, moment) mm $ixtz& 

«*5 i cmttWlLiUii::* 01 A If A lK44*lftR 

|43h^CV D 2r ffi t fc 0 <fc 0 PMffl K.li 7*5 
r.i>A*^jir^5-">i» 6-&*>«s#ii£ffci S it fca# 

[0 10 4lWx.lf« h'Mvyf^T^M-fA (Tr 
iisobutyl Aluminum, JilTT I BAtv^) , DM A H 
(Dimethyl Aluminum Hydride: (CH3 ) 2 A 1 H) & 
"7 4*«&*ft^-»S:V-^ t LTfllfflLTjSfr 

[0 10 5] TIBA^ftfflLtlftS^ 

* -^S!*«*fieffl U T I B AOSlEAWpK&fflfi 
8EI4 9 OTCJ^LT, M4 L<(±8 413-8 6t:£ffif U 

T-ffiffl 1" 4 D ^£>B#, 7*:*>'#"*<OiiiLi£l±*-J 
7 'j h*/m i ni«A ? Si Lv> 0 T I B A<T>&frM 

o-c, 3K*jS8E*ffi*4fc*!>i::, ± OiSv^auS-eJSfii- 
j;itT-^ 0 WK*#-C!K*auSli*!j 1 0 0 0 k/ 
mi nTAO, »MPO*S?il t 0. 2^mOf^T 
I BA**UfflLTtti#rar;w-*A*.aMlf-t-*o 
[0106] 4 fc» tiii^&t LT, ffirE$ 1 &Jg)§ 4 
3 h liDMAHft^i^ £7* S^^TKSHt^fcffi 
fflUItJ^i. COBB, ifET)i'5-'>A*3R'fb» 

co^ft? * Wihi- * k , fia-ciaEr * 5 - * A 7K 

4 e :FiS14:tf*t , &47*:3'>£?yfflLT7-*<7>fttB 

1*$ * tm-r 4 - 1 * f T s , 1 1- fc a u « 

*«0 * T If fc 0 , 4 l± v - * <&» * *5l> S 
* 0 y;u 5 A3K3R{fc*9*WH LfcJSBi^FSiiartDfc 
v - * «rfUffli-iilf 3K*iafiE*T»f 4 £ t V? £ 4 0 sS 
3»ieii0. 0l4v>L10Tor rOEJfiJ:tf50 

[0 l 0 7] ffifEC VD*i*t::J:48l&Wi4 3 h (i 
HP»««&K®j£S*ifcS<b*fcT i NfcBS-CJBSE* 
it4 fettle, EDI 0 AIC^L/^J:^ UttHtti <®flt* 
ft4 0 Hi 0BlilWEJBJSS*U:*lfcWl4 3 h* 



JftfeS L T W P SB 4 f*P£ * TFto 

[0 I 0 8] *flsf»K, ffirEHP»KJfcJS*ftfc*l& 
JSJ14 3 h*3t£*tt<bm£«tte3Lfc»)l&EiBJft3 
itfcSSl A l ffflxtfA l - S i - C u 

^Smai±7;i/S iSARgffloK^iMBiL-c, H8 
B H/TL^<t 0 KHP»*S»1-4 <t ^ tefc •? > WB& 

flfc*l&R«4 3 i *«lfiLfco -CO^i:, sg*B#* 

K£&&an# oK^jg^ffi]±t 4 Kott-cgM&goiat 

[0 10 9], lfffiCVD*fti:J:S*2&MO 

«£ifc<HP»*stti-4wfc#-r*ijjE*i$ 

^a^^-er^pgi5^ast4^t* f -c§4o <> 

4wtA^T-^4 0 LfctfoT, lfflE££«t&9li34Rfi<) 

[0 1 1 0] hi ociiflJEsasftfcJfrifcWM 3 

I-, lffiE««3 ii-fcfH 1 4 3 i ±tiWE» 1 &R 
"«"4 3 i fcra«0«R-C^/<7i"J>* r UJ:i)»2&« 
15 3 Sr^ffiUJto 4?tl±, l»EffliS!*ftfc* 1 
4 3 i ±UDJE*1 *«« 4 3 i iH»OM«/<» 

ai-4 0 

[0 1 1 1] UE*2<fe«S5 3<0»jfiliffiraUfc*- 

> y-a***^*: < ft^i-*»^-i±flirE» i 4 

3 h*»faoaE?C»dELfcft. ft«aLTBUPffl5«:« 
StS^t^fliOT, !WE»2ftJi* 5 3 4r3B* , t 
4SHli^RT*»)»4o 

[0 112] (Jt««) HI 1 &tim\ 2(i*H^IC 
i «J 7'7XTentD?tl/;T i Ntf)fEffit(S6*a*i:i 0 

4 0 *^WI-, HI 1 H^L./j*l§^lc±4T i NWi 
ffili* r b>«ISlA t 4< 3 Pi{J'Sc«SI4:»-3Tiii3» Hi 2 
DTlfciSMciST i N0ft1iiii&vitt®£K£ 
Siifco J3l±wliiftWU*Jv^Tii. KHj^&ff^ 
L/C T i *4fcfiBu6£JMbfcttfcLTT i N*fflv^fc 
i<75-C*47i s , #«WUffiv»f,ft4KlBlJ&&Kfc LT 

it, tdx.tfMo^w&irtflriB'c*^, dfi^ofk^* 

t LT, TiNfTiWNi-fi'l^tixTUv'o 4 
fc*»«lifflEII«6WUR5e*it4(>o-ci±iSt < , 

[0 113] 

lcE«0*J6WU J: 4 t , »fe*«clt1KI»ihR«)flBBlw 
J^fiS;?it4&JS®, 1" ft fc*> 7*5 i SAIGA'S - 
■JAJK^-OtDWSKJtWttoASUiO, 7*5 --JAR 
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[EI 1 ] ffi*OMQ»Offi»ftK«*«*^1-*f®Bir 

i£) o 

[13 2] 

$) %> o 

[13] 

& o 

& 7t £> H L H T- h & o 

[15] #»im=J:*¥*#*M«>E»««>«»*K 

-2) o 

[16] (A) - (D) WilWCii^iftRtO 
IMft*iBJS#ffitf>SS 1 IIMffl£>Tl-ffirK0T-£> i) , HUE 

(B) isklF (C) (±MPSCWfflH^ffM^tL^jmW 
jh»t<OSEffi4:SiW-*-4fc*tifi:*LT^Lyi:BI4:#trH 



t£*<0 M □ ffio Jl&E&ff & * *t Mr 35 1 "C 
O 63 □ ffiO jiseeiff S * » ® 1 T 



[07] . (A) - (C) 

[118] (A) - (C) 
E«»»)S^ffiO« 3 % 

[129] (A) - (C) 
E»S»lS*!*0«5l6 



(A) li|»D»0«a[WKJS*nfci£ftKiitR«)SliiS: 

[BIO] (A) - (C) J: 
W E&V J^lK*ffiOiS63IJt0l4r^+BfiBia-C**. 
[011] *»WUJ: 1 i NO 

[012] tt*tt*^j:i» ^x-T-epjnSiir^i 

[fft«RW] 



3 1 
3 3 
3 5 

3 7 

4 1 



[in 



[0 2] 



[03] 
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